METHODS
T he large number of patients who need careful evaluation during and following acute myocar dial infarction has sparked an energetic search for techniques that allow reliable assessment of patients and accurate objective recording of important mea surements. This study was undertaken to assess the 
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Apexcardiograms
were recorded simultaneously with phonocardiograms and electrocardiograms on a multichannel recorder ( Elema Mingograph-34) at paper speeds of 50 mm/ sec and 100 mm/sec. Apexcardiograms were recorded using a funnel-shaped pickup and pulse wave adapter ( Hewlett Packard pulse wave attachment 21051-B) ; system time con stant, 2.11. Recordings were made from the position of the maximum cardiac impulse in midexpiration with the patient wave measured from the onset of the upstroke to the peak and expressed as a percent age of the total systolic deflection of the tracing; ( 2) duration of the A wave measured from the beginning of the upstroke to the offset of the downstroke of the A wave ( measured only in those apexcardiograms where the A wave onset and offset were visible ) ; ( 3 ) configuration of the systolic wave ( ie, the presence of an abnormal systolic wave or secondary systolic bulge was recorded ) , and ( 4 ) the presence of a third ( 53 ) or fourth ( 54 ) heart sound or of murmurs, or both, was also recorded by phonocardiograms recorded in conventional posi tions.
Patient Population
Serial apexcardiograms and cinefluoroscopic studies were performed on 40 patients during and following acute myocar dial infarction in the first, second, third, sixth, and 12th weeks and, thereafter, every two to three months ( group 1 ). In 22 of these patients, left ventricular cineangiographic studies were performed three months or later after the acute episode of myocardial infarction. Apexcardiograms were also re corded in 21 additional patients with left ventricular aneu rysms proven on independent cinefluoroscopic and cineangio graphic studies ( group 2) and in another 18 postmyocardial 
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RESULTS
Normal apexcardiograms
recorded by the previ ously described technique were similar in configura tion to those reported by other investigators.1'2@4'2Â°22 Examples of abnormal apexcardiograms seen in this series are shown in Figure 1 . The first tracing shows a tall A wave, the E point, and a biphasic systolic wave with a secondary systolic wave, or systolic l)ulge ( indicated by the letter S ), during $4 @i @2 $3 @ -0 @ middle and late systole. The second tracing shows a normal A wave, a biphasic systolic wave, the E point, and a prominent secondary systolic wave. The third apexcardiogram shows a normal A wave but an abnormal monophasic rounded systolic wave with an ill-defined E point; this type of tracing was usual ly recorded at or near the site of a left ventricular aneurysm.
On the basis primarily of the systolic wave in the serial apexcardiograms, the patients in group 1 fell into three subgroups. Group 1A included patients in whom initial, as well as subsequent, apexcardio grams were abnormal. Group lB consisted of pa tients in whom the configuration of the systolic wave was normal in the first apexcardiogram but became abnormal on subsequent studies. In group 1G. the systolic wave was abnormal in the initial apexcar diograms but became normal on follow-up studies.
GrouplA
Data from 21 patients in group lA are shown in Table 1 . Nine patients had anterior, six had anterior plus inferior, and six had inferior or inferolateral myocardial infarctions on their ECGs. In 15 pa tients, A waves initially were abnormally tall (20 percent of E to 0 or more); in five patients, A waves increased in height in follow-up apexcardiograms, and in five patients, they were normal in amplitude in the initial, as well as follow-up, apexcardiograms. The duration of the A wave was increased to 0.10 second or more in 13 of 16 patients; in ten, it re mained the same or became more prolonged on subsequent studies. Abnormal late systolic waves were present in all and remained the same or be came more prominent in 18 patients. The phonocar diogram showed both an S3 and S4 in the initial, as well as subsequent, studies in 18 patients. In the other three patients an S4 was consistently recorded, and an S3 appeared on subsequent studies in one of these patients. An apical systolic murmur of varying intensity, usually beginning with the first heart sound (S,) and decrescendo in type, was recorded in nine patients in the initial, as well as follow-up, studies.
Cinefluoroscopic examination revealed dyskinetic segments in 18 patients and akinetic areas in three patients. Three patients also had generalized poor contraction of the left ventricle. Left ventricular cineangiographic studies were performed in 13 of these patients three to eight months after the epi sode of acute myocardial infarction; there was good correlation between the cineangiographic and cine fluoroscopic findings on the same day. Nine patients had localized areas of dyskinesia, two had akinesia and two had hypokinesia of the left ventricular wall. Table 2 shows data from the ten patients in group lB. Five had anterior, two had anterior plus inferior, and three had inferolateral myocardial infarctions on their EGGs. In three patients, both the A wave and the systolic wave were normal in the initial apexcardiograms.
Group lB
The A wave was abnormally tall in the initial apexcardiogram in the other seven patients in this group. The duration of the A wave was 0.10 second or more in seven patients in the initial apexcardiograms and increased to 0.10 second or more in another two patients in follow-up studies. Abnormal systolic waves appeared during the sec ond week following acute myocardial infarction and became more prominent on follow-up studies in all of these patients. In two patients the abnormal sys tolic wave became monophasic in configuration. Both an S3 and S4 were recorded in eight patients in the initial phonocardiograrns.
On follow-up studies the S3 and S4 persisted in six patients, and the S3 decreased in amplitude and disappeared in two pa tients. An apical systolic murmur of varying ampli tude was recorded in five patients in the initial, as well as subsequent, studies and in another patient appeared in the follow-up phonocardiograms.
Cinefluoroscopic studies demonstrated localized areas of dyskinesia of the left ventricle in all patients in group lB. Six of these patients later had left ventricular cineangiograms which demonstrated areas of dyskinesia in five and akinesia in one, con firming the findings on cinefluoroscopic studies. Fig (Fig 3) . 1C from this group later had left ventricular cine angiographic examinations. Three showed good con Table 3 shows data from nine patients in this traction of the left ventricle, one had generahzed group. On their ECGs, three patients had anterior hypokinesia, and one had localized lateral wall hy two had anterior plus inferior, two had inferior plus . . . pokinesia but no akinesia or dyskmesia. posterior, and. two had strictly inferior myocarthalinfarctions.
The systolic wave was abnormal in all on G 2 initial examination; the A waves were abnormally rouptall in three patients initially and were normal on Group 2 consisted of 21 patients with proven leftfollow up. The duration of the A waves was 0.10 ventricular aneurysm on cineangiographic studies.second or more in three patients initially, and a Data for the group are summarized in Table 4 . Thedecrease in duration occurred in two on followelectrocardiographic location of infarction was an up studies. The initial phonocardiograms showed an tenor or anterolateral in 14 patients; five had bothS3 and S4 in all patients in this group. The S3 anterior and inferior, and two strictly inferior myo decreased in amplitude and disappeared on follow cardial infarctions. An Sg and Si were recorded inup in seven patients. An apical systolic murmur of the phonocardiograms of 19 patients. Twelvevarying intensity was present on three of the initial showed apical systolic murmurs of varying intensityphonocardiograms and persisted in two. The initial and duration; four had short early systolic murmurs,cinefluoroscopic studies showed areas of dyskinesia, four had decrescendo systolic murmurs, and two hadakinesia, or generalized poor contraction in all papansystolic murmurs. The apexcardiograms weretients.
Cinefluoroscopic studies done later when the abnormal in all patients in this group; A waves wereapexcardiograms had returned to normal showed normally tall in 11 patients and were increased inimproved contraction of the left ventricle and no duration in 13 patients, and systolic waves wereevidence of akinesia or dyskinesia. Five patients abnormal in all patients. In this study the most consistent apexcardio graphic finding in patients with acute myocardial infarction who later developed myocardial dysfunc tion or left ventricular aneurysm was an abnormal S wave during mid or late systole (systolic bulge), or during both, usually associated with abnormal A waves. Twenty-six of 31 patients in groups 1A and lB who had evidence of left ventricular aneurysm on cinefluoroscopic and cineangiographic studies had abnormal A waves (Fig 4 and 5) .
These observations were further supported by the findings of the patients in groups 2 and 3. Patients in group 2 with proven left ventricular aneurysms all had abnormal S waves in the apexcardiogram, 11 had increased height of the A wave, and 13 of 21 had prolonged duration of the A wave (Fig 4 and 5) or cinefluoro scopic studies, or both. Note that most patients in groups 1A, 1B, and 2 had A-wave height that was 20 percent or more of E to 0 points. Groups were significantly different by t-tests as follows: 1A vs lB. P = 0.025; 1A vs 1C, P <0.005;
1A vs 3, P <0.005; lB vs 1C, P = 0.025; lB vs 2, P = 0.10; lB vs 3, P = 0.05; 1C vs 2, P <0.005; and 2 vs 3, P @(0.005.
Group 3
Group 3 consisted of 18 patients with good con traction of the left ventricle on cinefluoroscopic stud ies who were studied three months to one year after acute myocardial infarction. Seven of these patients had cineangiograms which confirmed the findings of the cinefluoroscopic examinations.
Data from the patients in this group are summarized in Table 4 . Seven patients had anterior, two had anterior plus inferior, six had inferior, two had inferolateral, and one had strictly posterior myocardial infarctions. Apexcardiographic systolic-wave configurations were normal in all, and A waves were normal in height in all but two patients. The duration of the A at time of cineangiographic or cinefluo roscopic studies, or both. Note most patients in groups 1A, lB. and 2 had A-wave duration of more than 0.10 second. Groups were significantly different by t-tests as fellows: 1A vs 1C, P = 0.01; 1A vs 3, P <0.005; lB vs 1C, P = 0.025; lB vs 3, P @(0.005; 1C vs 2, P = 0.01; and 2 vs 3, P <0.005.
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